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signaling molecules bind with nudear recep-
tors to influence expression ofparticular gene
sequences. It is through this action that
steroid hormones, such as estrogen, are
thought to regulate cell growth, differentia-
tion, and metabolic activity.
Gustafsson was just as shocked by the
discovery ofthe estrogen receptor, which his
group calls ER,B, as conference attendees
were to hear about it. "At the time, we were
searching for a novel androgen receptor in
the prostate and, quite surprisingly, came up
with the unexpected discovery of a novel
estrogen receptor," says Gustafsson. One of
the interests of Gustafsson's group is the
investigation of orphan receptors, putative
receptors within the nuclear receptor super
gene family for which no known ligand has
been identified.
The group
originally set out to
screen rat prostate
tissue for novel
nuclear receptors
using PCR-amplifi-
cation and comple-
mentary DNA
doning techniques.
Degenerate primer
sets were used.
These primer sets
were based on
highly conserved
regions with DNA-
binding and lig-
a n d - b i n d i n g
domains of the
known nuclear re-
ceptor family. One
of the primer sets
resulted in the cloning of an unknown
sequence, which the researchers called done
29. Clone 29 DNA was subsequently found
to behighlyhomologous to the cDNAofthe
estrogen receptor (ER) found in the rat
uterus. Full-length cDNA was then cloned
from a prostate cDNA library using clone
29. Comparison of protein sequences con-
firmed that the novel receptor is dosely relat-
ed to the rat ER, and in vitro translation and
synthesis ofnovel receptor protein showed it
to have a high binding affinity for estrogens.
In situ hybridization demonstrated promi-
nent expression of the novel receptor in the
prostate and ovary. Cotransfection experi-
ments using Chinese hamster ovary cells
found that, in the presence ofestrogens, the
novel receptor protein activates the expres-
sion of an estrogen response element-con-
taining reporter gene. The investigators con-
cluded that they had doned a novel estrogen
receptor, which they named ER[ to distin-
guish it from the known estrogen receptor,
ERa.
Kenneth Korach, scientific program
director of the environmental disease and
medicine program at the NIEHS said that
the discovery of ER, may help researchers
understand why estrogen acts differently in
the same tissue. For example, in the pituitary
gland estrogen inhibits gonadatropin synthe-
sis in some cells, but stimulates prolactin syn-
thesis in others. This differential action may
now be explained by the existence of ER,.
Furthermore, ERf3 mayprove useful in iden-
tifying and evaluating effects ofenvironmen-
tally active compounds, such as phytoestro-
gens. According to Korach, "ER,B has
opened up a tremendous area of research;
currently it'swhat everyone is talking about."
There is speculation on the role ERf
may play in hormonally induced cancers.
Like ERa, ER maystimulate overactivityof
estrogen receptor-reg-
ulated genes, resulting
in uncontrolled or
malignant growth. In
addition, the existence
of ERi may explain
why some cancers
become antiestrogen
refractory.
According to
Gustafsson, ERO may
also have significant
importance in vessel
walls, bone, and the
central nervous sys-
tem. Also, some syn-
thetic compounds may
interact preferentially
with ERf. Such inter-
action may be impor-
tant in research and
development ofdrugs
against osteoporosis
andatherosderosis.
Burning Remnants of War
Despite several delays because of technical
start-up difficulties and legal challenges by
environmental groups, incineration of
munitions and chemical weapons from
World War II began in late September at
the Tooele Military Depot in Tooele, Utah.
But new allegations last month oftechnical
problems by a former manager at the facili-
ty are raising questions about safety and
rekindling concerns about environmental
issues.
The Tooele facility is the first full-scale
facility in the continental United States
built to destroy chemical weapons and elim-
inate nerve and mustard agents. During the
next seven years, incinerators at the $400-
million facility are scheduled to destroy 1.1
million weapons-projectiles (artillery
shells and mortar rounds), cartridges and
mines, rockets, bombs, and chemical agents
such as the nerve agents GB and VX, and
the blister agent, mustard-or approximate-
ly 40% of the country's chemical weapons
stockpile.
In 1985, Congress directed that muni-
tions and chemical warfare agents must be
destroyed by 2004. Many of the weapons
were manufactured in the 1940s and 1950s
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Heat-seeking missiles? Projectiles are just part of the 40% of the U.S.
chemical weapons stockpile scheduled to be incinerated at the Tooele
Military Depot.
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and are now stored in bulk containers at the
depot, which are leaking, necessitating their
disposal. The Tooele facility estimates that
the weapons stockpiled there will be
destroyed by 2003, when the plant will be
dismantled in accordance with congression-
al guidelines.
Munitions stored at Tooele are placed
in specially designed, protective containers
that are monitored for leaks before they are
moved to the on-base incineration plant,
which consists of three incinerators, each
with its own pollution abatement system.
The chemical agent, metal parts, and explo-
sive components are disassembled, then
destroyed separately to ensure safe and com-
plete destruction, according to an Army
spokesperson. During this process, weapons
are loaded onto a conveyor and sent to a
special thick-walled explosive containment
room. Here, automated equipment punc-
tures and drains the chemical agent from
the rockets before shearing them into
pieces. All rocket parts and explosive com-
ponents go directly to a deactivation fur-
nace. For mortars or other projectiles, spe-
cial machines remove explosive components
while leaving the chemcial agent inside.
Once such weapons are no longer explosive,
they are moved to an area where the chemi-
cal agent is drained. Drained chemicals are
stored in tanks for later disposal in an incin-
erator designed for liquids. The metal parts
remaining from these weapons are thermal-
ly decontaminated in a metal parts furnace,
and other remaining materials are destroyed
in yet another incinerator. Ash and decont-
aminated metal parts are packaged and
transported to an approved landfill. The
liquid brine resulting from the treatment of
exhaust gases in the pollution control sys-
tem is dried to reduce its volume and then
sent to a landfill.
A similar facility-the Johnston Atoll
Chemical Agent Disposal System
UACADS)-has been operational by the
Army on the Johnston Atoll, 700 miles
south of Hawaii, since 1990. To date,
JACADS has undergone four operational
verification tests and destroyed more than 2
million pounds ofchemical agents.
Before incineration was selected as the
means ofdestroying the munitions stored at
Tooele, Congress directed the Army to con-
duct tests to verify that an incineration
process can safely destroy chemical weapons.
According to a National Research Council
(NRC) report, incineration continues to be
the choice method because there currently is
no "feasible alternative for disposal of ener-
getics." A new NRC report issued in late
September did recommend, however, that
alternative technology be considered for
other weapons sites, none ofwhich, includ-
ed energetics in their stockpiles. The NRC is
the operating arm ofthe National Academy
of Sciences and the National Academy of
Engineering and provides independent
advice on science and technology issues
under acongressional charter.
But several environmental groups were
not convinced that incineration was the best
choice for the facility. The Sierra Club, the
Vietnam Veterans ofAmerica Foundation,
and the Chemical Weapons Working
Group, a coalition of groups from eight
communities (including Tooele) where the
Army would like to build weapons destruc-
tion plants, claimed in court that a supple-
mental environmental impact statement was
required before the plant could operate. The
groups based their initial challenge on
alleged evidence about problems at the pro-
totype Johnston Atoll Chemical Agent
Disposal System, new information about
dioxin exposure from incineration, and the
possibility of using alternative technologies
for the destruction.
A late November report published in
the Los Angeles Times described allegations
by Gary Millar, the former general manager
of the incineration plant operated by
EG&G Inc., that company managers rou-
tinely disregard safety problems and that
theplant's operation is falling short of the
anticipated destruction rates. Millar says he
was fired by EG&G Inc. in October after
he raised safety concerns. Meanwhile
Millar's letter has prompted an investiga-
tion by the Utah Department of Environ-
mental Quality, which issued the operating
permit to EG&G Inc., into the plant's
operations.
An August statewide poll of 602 Utah
residents conducted by Dan Jones and
Associates and the Salt Lake City Desert
News showed 46% of those surveyed
believed that the Army should not or prob-
ably should not be allowed to burn the
weapons at Tooele, while 39% said that
incineration should or probably should
occur.
But not all of Tooele's neighbors were
particularly concerned about the incinera-
tion. According to a New York Times report
in September, as few as four people attend-
ed some of the public meetings about the
incineration plans, and new housing under
construction nearby was "selling briskly."
U.S. District Court Judge Tena
Campbell decided in Salt Lake City in
August that the environmental plaintiffs
"did not show that there is an actual risk to
some person or persons posed by the emis-
sions of the hazardous materials being
incinerated." For individuals living closest
to the facility, the judge wrote, "the risks
resulting from continued storage are 100
times greater than the risks resulting from
disposal operations." According to the
Army, there have been neither deaths nor
personal injuries to humans from the muni-
tions stored at the depot since it opened in
1943, although several thousand sheep were
accidentally killed by an open-air test
almost 30 years ago.
Craig Williams, head of the Chemical
Weapons Working Group, said the Millar
letter "flies in the face of the entire case
made by the federal government that this
facility can protect human life and the
environment."
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